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HESUL/PS OF AN INVESTIGATION JF THE ACOUSTIC AND
VIBRATIONAL ENVIRONMENT OF A FULL SCALE SPACE
SHUTTLE ORBITER STRUCTURAL TEST PANEL WITH
SIMULATED TPS IN THE AMES UNITARY “LAN WIND
TUNNEL (MODEL 81-0, TEST OSBA AND B)

by

R. B. Kingsland, Rockwell International

ABSTRACT

Results of tests 0S8A and B and pertinent test and model information

are presented in this report., The test was conducted in two parts.

Test 0SBA was performed in the NASA/ARC unitary ll-foot section from July

11 through 17, 197k and 0S8B was conducted in the NASA/ARC unitary 9 x 7

tunnel from July 19 through 29, 19Thk. Test objectives were to investigate

thermal protection system (TPS) tile sensitivity to extreme pressure

.gradients and vibration and to define the TPS aerodynamic environment.

The model utilized for 0S8 was a full-scale representation of a portion
of the space shuttle orbiter lower wing carry-through structure forward
of the aft tank strut and propellant lines. Thermal protection tiles
were simulated oh the model., The model was instrumented with static
pressure orifices, accélerometers, and dynamic pressure transducers
(Kulites), A total pressure rake was utilized to obtain boundary layer

surveys.
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NOMENCLATURE
SYMBOL MREMONIC DEFINITION
Aq 1th accelerometer
ARC Ames Regearch Center
BLPOS position of boundary layer rake en model,
1 = forward, 2 = aft, 0 = hleed
CP:I. CPi local pressure coefficient at station i
My Mi dynamic pressure transducer at station i
M., MACH freestream Mach number
Pbox PBOX pressure in acoustic box, psia
Py Pi local pressure at station i, psia
Py PS local static pressure, psia
PToc PT freestream total pressure, psia
PT:I. P4 total pressure at station i, psia
) 78 P freestream static pressure, psia
qQ, Q(PSF) freestream dynamic préssure, psia
Rey RN/L unit Reéynolds number, per foot
by P freestream static temperature, °R
Ty ™ total pressure measured at station i on
boundary layer rake, psisa
T, T freestream total temperature, °R
TPS thermal protection system
X X longitudinal station on panel, inches (positive
aft) from centerline
Y Y lateral station on panel, inches (positive star-
board) from centerline
-
7
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MNEMONIC

4

8re

BLB, BRB
BRA
BRF

PS/PT

NOMENCLATURE (Conce ludend )

» DEPLNLTLON—
vortical Jdintance from model wall, inchen

defleetion angle of compresslon ghock generator
from tunncl wall, deg.

boundary laycer bleed
boundary layer rake aft
boundary leyer rake fore

local static to rake total pressure ratio




CONFIGURATIONS INVESTIGATED

The model consinted of three interchangeable pancli. FEneh prnel wab
a full secale repliea of a portion of the opace shuttle orbiter lower wing

~

carry=-through structure forward of the aft tank strut and prop-iiant Tines
The threc pancly were:

1. A dummy pancl mude from o threv=ineh ~Twninun slab with hall-
inch deep grooves cut in It to simulate TPS tiles us shown in
figure 2a

2. A rigid panel with TP'S tiles bonded to itsc outer surface ul
shown on figure 2b; and

3.  An elastic panel with TPS tiles bonded on it S surtu e
with flexible inner surface designed tc Jwrcnamute “he edge
fixity provided by attachment to ribs and frimes in the wing
carry-through section of the mid fuselage; shown in Uipures
2¢ and 2d.

The panels were interchangeably mounted on a frame. The !rame was
instrumented with 65 static pressure taps and 18 dynami. pressure tranc-
ducers located as given in tables IV and *t, The dummy panel was instru-
mented to obtain dynamic and static pressures as deseribed by figure 2a
and table V. The rigid and flexible panels were instrumented with ccel=-
erometers on tLheir inside surface, with the sensitive axis normal to the
skin. One of the tiles was instrumented with strain gares to measure
lateral and longitudinal stresses in the tile coating.

The panels were either flush mounted on the 11' tunnel floor or on




CONFIGURATIONS INVESTIGATED (Concluded)

the 9' x 7' tunnel ceiling or meunted on the shock expansion fixture as

shovh in figures 2e and 3. An acoustic box was nmounted back of the

tunnel wall when the flexible ard rigid panels were tested. The intermal

pressure of the acoustic box was controlled during the tests to prevent

large pressure differentials across the panel. Its control system was -
designed to vent its internal pressure to tunnel static pressure in the

event of an emergency shutdown. A compression shock fixture, consisting

of a flat plate lap located down stream of the panel, was dl=o used

during the test. The flap deflection angle from the wall was varied from

0° to 87°. A rake, as described by figures 2f, 3z, 3h, 3i, and 3k, was
used to measure pressures in the boundary layer. Two sets of boundary |
thickening devices, &s shown in figures 2g, 3j, and 3k, were also used
during the test. One device was 8-inches high while the other was k-
inches high.

Table III describes the various model components that were tested,

10
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TEST FACILITY DESCRIPTION

Ames 1l x ll-Ft. Transonic

The Ames 11l x ll-Foot Transonic Wind Tunnel is a variable density,
closed return, continuous flow type. This tunnel has an adjustable
nozzle (two flexible walls) and a slotted test section to permit
transonic testing over a Mach number range continuously variable
from 0.4 to 1.k,

Anes 9 x T-Ft, Supersonic

The Ames 9 x T-Foot Supersonic Wind Tunnel is & variable density,
continuous flow type with an adjustable nozzle to permit supersonic
testing over a Mach number rdnge continuously variable from 1.5 to
2.5. The nozzle is of the asymmetric, sliding-block typé in which
the variation of the test section Mach number is achieved by trans-
lating, in the streamwise direction, the fixed-contour block that
forms the floor of the nozzle.




DATA REDUCTTION

Dynamic data from the accelerometers and dynamic pressure transducers
were recorded on a 32 track tape recorder using 1 inch wide magnetic tape.
These data were retained by the structural dynamic analyst (name and
address given on page ii) and are not presented in this report. Tile
coating stress data were also retained by the same analyst.

Static and total pressure data were recorded on magnetic tape and
are presented in tabulated and plotted form in this report. Rake pres-
sure data were reduced as local static to rake total ratios. Repeat runs
were averaged and plotted along with individual runs versus distance from
model wall (Z) in the data figures. Teble IX relates the source data to
each averaged dataset plotted. Panel frame pressure data were reduced to

coefficient form and are plotted versus panel station (X) in the data

figures.

12
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REFERENCES

1. R. B. Kingsland,, '"Pretest Information for Testing the 81-0 Model in
the Ames Research Center Unitary Plan Wind Tunnel - Tests 0S8A and
B," Rockwell International Space Division Report No. SDTL-SH-0167,
May 10, 197k,

2...... Reference drawings:

Drawing Number

L014-01k96 Top Hatch Assembly - Ames
9 x T-foot Wind Tunnel
S8-A01252 Detail and Installation - Compression
Shock Flap
LO14-01L96 Top Hatch Assembly - Ames 9 x T'
Wind Tunnel
SS-A01248 Panels - TPS Meeting
S8-A01249-1 Installation 81-0 Panels
SS5-A01250 Expansion Shock Body Detail and Assembly
S58-A01251 Detail and Installation - Acoustic Boxes
S8-A01252 Detail and Imnstallation - Comp. Shock Flap
S5-A01253 Detail and Assembly - Turbulence Genecrators
81-0 Model
S5-A01287 Kulite Holders 81~0 Model
S3-A01289 Boundary Layer Rake 81-0 Model
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TABLE T,
TEST ¢ 0S8A DATE ¢ 7/29/74 ’
TEST CONDITIONS k
. Pp = 12.23 psi
. REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
MACH NUMBER (million per foot) (pounds /sq.f*t ) (degrees Fahrenheit)
0.6 35k 120
0.7 2.92 436
0.75 3.03 478 L
0.8 3.14 518
0.82 3.17 533
0.84 3.21 56
0.86 3.24 560
0.88 3.28 S7h
0.9 3.31 590
: 0.92 3.33 603
0.9k 3.4 615
0.96 3.62 626 |
_ 1.02 3.36 661 ‘
1.2 3.51 732 ?
B 1.b 3.46 759
- BALANCE UTILIZED: __ "0~ i
caPACITY: ACCURACY: TOLERSNCE!
NF
SF
AF
PM
RM e
oo
COMME NTS:
14
A o | - — ] Jrame
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TABLE I, (Concluded) 1

- S

TEST ¢ os8B. loare ¢ 7/20/71
TEST CONDITIONS
PT = 10.06 Psi
REYNOLDS NUMBER DYNAMIC PRESSURE |smc~mo~ TEMPERATURE
HACH NENBER (million per foot) (pounds/sq. £t . (degrees Fahrentest)
- 1.7 2.62 590
1.8 2.52 568
1.9 2.kl 5h5
2.0 2.35 521
2.1 2.27 496
2.2 2.18 470
2.3 2.11 4h5
2.4 2,02 418
BALANCE UTILIZED: NONE
NF
SF
AF
PM
M e
™ ,

COMMENTS:

15
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TABLE 1II. MODEL DIMENSIONAL DATA

MODEL COMEONENT': ACOUSTIC BOX (PLENUM) - ABy (for 9x7 foot tunnei)

GENERAL DESCRIPTION: Plenum uscd with panels in 9 x T foot tunnel.

DRAWING NUMBER: 88 AN1251
SCALE: FULL -
DIMENSIONS: VALUE

Length k9.0

Max Width 25.0

Mex Depth 36.5

21

"y




J -:“‘:w—:-‘-r‘;‘“'" L

TABLE III, MODEL DIMENSIONAL DAYA (Continued)

MODEL COMPONENT; ACOUSTIC BOX (PLENUM) - AB, - 24" Deep

GENERAL DESCRIPTION: Plenum used with panels in 11 x 11 foot tunnel,
DRAWING NUMBER: 8S=A01251

SCALE: FULL
DIMENSIONS; VALUE
With SF1™ Without SF,
Length 49,0 k9.0
Max Width 25.0 25.0
Max Depth 36.5 21.5

22
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' TABLE ITI, MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT': BOUNDARY..LAYER GENERATOR SYSTEM - BGy
GENERAL DESCRIPTION: A cystem of double conical #plkes stnepgeren in Lv-
rows acroso the tunnel. Digtance between rows is 2" and the gpiken
are 2" on centerline in each row.

DRAWING NUMBER: 8S=A01253

SCAIE: FULL

DIMENSIONS: In. VALUE
Base diameter 0.4380
Mid~-diameter 0.189
Top diameter 0.02
Height of base cone 1.5
Height of top cone 2.6

23
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TABLE ITI. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: BOUNDARY LAYER GENERATOR SYSTEM - BGp

GENERAL, TESCRIPTION: A system of. double conical spikes staggered in two
rows across the tunnel. Distance between rows is 2" and the spikes are
2" on centerline in each row.

DRAWING NUMBER: SS-A01253

SCALE: FULL
DIMENSIONS - In. VALUE
B Base diameter 0.390
_ Mid-diameter 0.186 D e
Top diameter 0.2
,5. Height of base cone 3.0
Height of top cone 5.1

24




TABLE 11T, MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: BOUNDARY LAYER RAKE - BR,
GENERAL DESCRIPTION: Twenty-tube total head rake used for boundary
layers up to 14" thick.
MODEL DRAWING NUMBER: $S-A01289
SCALE: FULL _
TUBE . NO. HEIGHT ABOVE SURFACE
(IN.)
1 0.1l
2 0.2
3 0.3
L 0.k
5 0.5
6 0.6
T 0.7
8 0.8
9 0.9
10 l.o
11 1.75
12 2.50 ,
13 3.25 ‘,
14 k.0 ;
15 6.0 |
16 8.0 i
17 10.0
18 12.0 |
19 14.0 1
20 16.0 :
|
:
i
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TABLE III. MODEL DIMENSIONAL DATA (Continued) {

MODEL COMPONENT: ELASTIC PANEL = PAy

GENERAL DESCRIPTION: Full scale replica of a portion of the lower wing
carry-through structure ahead of the aft tank strut and propellant lines
with 2" thick HRSI TPS tiles on its surface.

DRAWING NUMBER: VL70-090603, SS-A01248

SCALE: FULL

DIMENSIONS: VALUE
Length Sh.L
Max Width 24,5

)
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TABLE IIT. MODEL DIMENSIONAL DATA (Comtinued)

MODEL COMPONENT': RIGID PANEL - PA,
GENERAL DESCRIPTION: Two-inch thick slab with 2" thick HRSI TPS tiles
on its surface. .

DRAWING NUMBER: VLT0-090£03, SS-A01248

SCALE: FULL

DIMENSIONS: VALUE
Length, In. 5k, L
Max Width, In. 2k.15
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT: DUMMY PANEL - PA3
GENERAL DESCRIPTION: Slab with.1/2" deep grooves to simulate tiles.
DRAWING NUMBER: 88-A012L48

SCALE: FULL

DIMENSIONS: VALUE
Length, In. Sk b
Max Width, In. 24.15

28
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MOLEL COMPONENT: EXPANSION SHOCK FDXTURE - SFl
GENERAL DESCRIPTION: Used in 11 x 11 ft. tutinel.
DRAWING NUMBER: SS-A01250

SCALE: FULL

DIMENSTONS:. VALUE
Length, In. 1¢5.0
Max Width, In. 60.0
Max Depth, In. ©15.0

29
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TABLE IT1., MODEL DIMENSIONAL DATA (Concluded)

MOILEL COMPONENT: COMPRESSION SHOCK FIXTURE - SI"2
GENERAL DESCRIPTION: Used in 9 x 7 tunnel, adjustable from O tc 90 deg.

DRAWING NUMBER: SS-A01252

DIMENSIONS: VALUE
Length, In. 12.0
Max Width, In. 100.0
Max Depth, In. 0.5

30




TABLE IV, STATIC PRESSURE TAP LOCATIONS ON FRAME

" PRESSURE X - Y PRESSURE | X Y |
1 -28.5 13.5 35 -28.5 «6.5 ! 1
2 .2605 1305 % 2705 "605 |

| 3 -24.5 12 5 37 -28.5 =13.5 !
h "2205 13 5 { 38 "%05 .1305 |
5 -20.5 13.5 | 39 24,5 -13.5 '
6 ~-18.5 13.5 Lo -22.5 -13.5 |
T -16.5 13.5 .. 41 -20.5 -13.5
8 -14.5 13.5 , Lo i =18.5 | «13.%

9 "1205 1305 ‘ 143 | "16.5 -13.5
10 -10.5 13.5 \ Ly L =145 ~13.5
1 8.5 13.5 ) ks . =12.5 -13.5
12 =G5 13.5 : L6 i =10.5 -13.5
13 4.5 13.5 : T 8.5 .. «13.5
14 =2.5 13.5 L8 ! -6.5 ‘ -13.5
15 -0.5 13.5 kg , ~h.5 | -13.5
16 1.5 13.5 50 | -2.5 | =13.5
T 3.5 13.5 51 =0.5 | -13.5
18 5.8 13.5 52 ! 1.5y | <13.5
19 T.5 13.5 , 53 3.5 | =13.5
20 9.5 13.5 5k i 5.5 ~13.5
21 11.5 13.5 ' 55 . 7.5 -13.5
22 13.5 13.5 56 9.5 ~13.5
23 15.5 13.5 ! 57 11.5 -13.5 ;
2k 17.5 13.5 58 13.5 -13.5 ;
25 19.5 13.5 59 15.5 -13.5
26 21.5 13.5 60 17.5 -13.5
27 23.5 13.5 ' 61 19.5 -13.5
28 25.5 13.5 62 21.5 -13.5
29 27.5 13.5 63 23.5 =13.5
30 -28.5 6.5 64 . 25.5 -13.5
31 27.5 6.5 65 27.5 ! «13.5 :
30 -28.5 0.5 |
33 -27.5 =0.5
34 27.5 =05
i 1 2
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) TABLE V, DYNAMIC PRESSURE TRANSDUCER LOCATIONS
IN FRAME ¥ IN DUMMY PANEL
PRESSURE ' X Y " PRESSURE X Y
_ __No. (IN.) (In.) NO. A8 (w)
ML . -28.5 13.0 M19 24,5 0.5
M2 -20.5 13.0 M20 -20.% 0.5
M3 . -12.5 13.0 M21 -16.5 0.5
Mk 4.5 13.0 M22 12.5 0.5
M5 3.5 13.0 M23 | -8.8 0.5
M6 11.5 13.0 M2h 4.5 0.5
MT . 19.5 13.0 M25 0.3 0.5
M8 . 2705 1300 M26 ! 3.‘ 005
! M9 -28.5 0.5 ! Mot | T8 0.5
|' M10 27.5 0.5 | M8 1. 0.5
! M1l -28.5 -13.0 |} M29 | 15.¢ 0.5
' ML2 -20.5 -13.0 |l M30 19.5 0.5
- M13 -12.5 -13.0 M3L | 23.¢ 0.5
M1k =h.5 -13.0 | i
M15 3.5 ! -13.0 !
Ml6 llos i "1300 i
M1 19.5 -13.0 !
M18 27.5 -13.0 :
' ——— e 1 . i
},
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TABLE VI,

ACCELEROMETER LOCATIONS

r~ INSIDE OF INSIDE OF FLEXIBLE
RIGID MODEL N MODEL
Y=0 Y (INCHES)
X ACCELEROMETER X
(INCHES) NO. (INCHES) -8.75 o | 3.5
-19,0 ALk -25,32 A5
-21.10 Al0
0.0 Al5 -16.88 Al
-12.66 A6
T .0 Al6 - 8.44 All
- 4,22 A2
0.0 AT
4,22 | a12
8.4k A3 é
12,66 A8 |
! 16.88 . Al3
| 21.10 AL 1 |
J| 25.32 A9 ; ’
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TABLE VII,

BOUNDARY LAYER RAKE TOTAL PRESSURE TAP LOCATIONS

PRESSURE H
NO. (IN.)
1 0.10
T2 0.20
T3 0.30
Tl 0.40
5 0.50
% 0060
7 0.70
T8 0.80
79 0.90
70 1.00
71 1.75
T2 2.50
T3 3.25
T1h k.00
mMs 6.00
T16 8.00
717 10,00
™8 12.00
719 14.00
720 16.00
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SR .

STATIC PRESSURE TAP LOCATIONS ON DIMMY PANEI,

TABLE VIII.

| x !
(IN.) |(IN.)

| PRESSURE

Y
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TABLE IX, PLOTTED DATASET ORIGIN

Jource Datasetn Used In Averaging

Nutput Dutasct

REX001, KEX00! REXOW?
REX001, REX002, REX003 BEXO043
REX001, REX00Z, REX003 BEX037
REX002 PEY050
REX015, REX016, REX01T BEXCLO
REX018, REX019, REX020 BEYO0LS
REX018, REX019, REX020, REX0N1 BEXOL6
REX018, REX019, REX020 BEXOLT
REX018 BEX038
REX019 BEX039
REX020 BEXOLO
REX021 BEXOL1
REX018 BEX022
REX019 BEX023
REX020 BEX02L4
REX002, REX003 BEXOLL
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D] ! |
A ALL DIMENSIONS 2.50 1. — ’
IN INCHES s l S S
I S L o.4s
e LT0 . 215 . 215 .
' TAP RO, 20 — - e ] s e
2.0. -
]
.i
t 19 — H .
i
2.0 |
|
} 18 - |
2.0
i
]
| 17 » é
2.0 |
! 16 a
l !
2.0 .
!
} 15 Ly ,
I 5
2.0 ,
1 h ) '
? 13
o 12 Ly
3.25 '
k.0
2.50 ¢ 1 = |
1.75 , :
. Taps 1 thru 10 !
ugpm, ; . . , Spaced 0‘. 10 Apart _L l
WALL 9 - —h e —
SUPPORT BRACKET _ o e
f. Boundary Layer Rake, BR1l
"A Fipure 2., Continued.
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. Turbulence Generators

Firure 2, Concluded.
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¢. TRlastic Panels Flush Mounted in the 9*' x 7' Tunnel Ceilinc
with Compression Shock Fixture Deflected
Firpure 3. Continued.
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ORIGINAL PAGE Iy
OF POOR QUALITY

e. Front View of Flastic Panel Mourted on the
“hock Txpansion Fixture ir the 11! Tunnei
Fijure 2, Continued,
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Rear View of Elastic Panel Mounted on the

f.

oo iay

=

Continued,

Shock Expansion Fixture in the 11' Tunnel
Figure 3.
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